BIOCHEMICAL SOCIETY TRANSACTIONS membrane, whereas pentamers of the four-chain structure are actively secreted.
Membrane glycoproteins of viruses grown in insect cells appear similar in structure, apart from some important quantitative differences, to those established in mammalian tissues, indicating that analogous mechanisms exist for the assembly of protein-bound glycan chains. However, little is known directly about the mechanisms of glycoprotein biosynthesis in insect cells, although a detailed scheme is emerging for glycoprotein processing and assembly in other cells. It is of interest to know to what extent these processes are universal throughout phylogeny and to expose differences in insect cells that may serve as points of attack in pathogen control.
Polyprenoid intermediates
One critical step in the biosynthesis of glycoproteins in vertebrate cells is the formation of dolichol derivatives of sugars to act as intermediates in glycosylation reactions. Insect cells share with mammalian cells a common pathway for the assimilation of isoprenoids from acetyl-CoA. A significant difference, however, is that insect cells are unable to synthesize cholesterol from a common intermediate, mevalonic acid (Clayton, 1964) .
Small isoprenoid polymers are known to function as hormones, pheromones and various attractants in insects (Karlson, 1970) , but relatively little information is available on the occurrence of higher polymers, e.g. dolichol, in invertebrates and the regulation of their synthesis, presumably by mechanisms different from the inter-relationship between cholesterol biosynthesis and protein glycosylation in mammalian tissues (Mills & Adamany, 1978 ).
There appears to be some requirement for the participation of polyprenoid intermediates in invertebrate cell-glycosylation reactions, since dolichol (Beedle et al., 1975) (Quesada & Belocopitow, 1978) , although a precursor-product relationship between lipid intermediates and cellular glycoproteins has yet to be shown.
We have examined the occurrence of dolichol derivatives of sugars in a cultured cell line established from the larvae of the mosquito Aedes aegypti. Direct evidence for the synthesis of phosphorylated dolichol derivatives of sugars by mosquito cells has been obtained. Precursors of mosquito cell-membrane oligosaccharides are detected in microsomal fractions of cells catalysing the transfer of mannose and N-acetylglucosamine from GDP-[ l*C]mannose and UDP-N-acetyl-[ "C Iglucosamine. Substantial amounts of radioactivity are incorporated into chloroform/methanol (2 : 1, v/v) extracts, and the formation of these is stimulated by the addition of dolichol phosphate. The labelled intermediates formed from endogenous and exogenous dolichol acceptors show similar chromatographic characteristics upon t.1.c. in different solvent systems and are consistent with literature values for dolichol phosphomannose and pyrophospho-N-acetylglucosamine respectively. No effect upon the incorporation of radioactivity into dolichol phosphomannose is observed in the presence of tunicamycin, whereas the formation of dolichol pyrophospho-N-acetylglucosamine is inhibited, as expected from the known specificity of this drug. In both cases, incorporation into higher oligosaccharides and protein fractions is significantly reduced upon addition of tunicamycin. These data indicate that lipid-bound oligosaccharides contain structurally similar units to those established to be present in mammalian cells. We present evidence now that such intermediates are involved in the glycosylation of mosquito cell proteins.
Effects of tunicamycin on the incorporation of sugars into mosquito cell glycoproteins
We have found that cultured mosquito cells are sensitive to the effects of tunicamycin in oiuo. The incorporation of radioactive mannose into acid-precipitable fractions is inhibited by more than 90% at 0.5pg of tunicamycin/ml after 16h at 586th MEETING, BRISTOL 28OC. However, the incorporation of glucosamine is inhibited under the same conditions by only 20%, and protein synthesis, as assessed by the incorporation of leucine, is hardly affected. Separation of radioactive hexosamines present in the acidprecipitable glycoproteins of cells incubated with [ "C lglucosamine and tunicamycin for 16 h shows predominant (approx. 75%) labelling of galactosamine, whereas in control cells not treated with tunicamycin both glucosamine and galactosamine residues are labelled approximately equally. Evidently mosquito cells synthesize N-glycosidically linked carbohydrate chains that are assembled through tunicamycin-sensitive steps, probably involving dolichol pyrophosphate-N-acetylglucosamine and oligosaccharide intermediates, and 0-glycosidically linked chains rich in N-acetylgalactosamine, the assembly of which is unaffected by tunicamycin.
Glyproteins of mosquito cell plasma membranes
To determine the types of glycosylated products in mosquito cells and the steps in their biosynthesis, a procedure for isolating glycoproteins from purified plasma membranes has been developed. Mosquito cells ( lo9 cells) are homogenized in a hypoosmotic Tris buffer, and a pure plasma-membrane fraction is isolated by sucrose-density-gradient ultracentrifugation. This fraction shows enrichment of 5 '-nucleotidase, 1251-labelled ricinbinding sites, I 3H1fucose-labelled products and 1251/lactoperoxidase surface-labelled components. Electron microscopy and intracellular-enzyme-marker analysis reveals that few contaminating structures are present. A number of glycosylated polypeptides are detected upon electrophoresis of membranes in a single or two-dimensional (isoelectric focusing followed by SDS* polyacrylamide-gel electrophoresis) separation. These products include a major glycoprotein complex of mol.wt. 110OO0, which is responsible for the binding of several lectins, such as Con A and SBA to the mosquito cell surface (Butters & Hughes, 1978) . Membranes of cells treated with tunicamycin contain similar amounts of the major glycoprotein, but this product no longer binds Con A, although SBA binding to terminal N-acetylgalactosaminyl units of 0-glycosidically linkcd chains in undisturbed. In addition, a polypeptide of 85 000mol.wt. is found in tunicamycin-treated cells that is exclusively labelled with SBA. Biosynthetic labelling studies with 14C1glucosamine confirms that the lower-molecular-weight glycoprotein is a derivative of the major 110000-mol.wt. glycoprotein which has lost N-glycosidically linked Con Abinding glycan chains (Butters & Hughes, 1979) . Thus tunicamycin. a drug that can be used to diagnose the presence of NN'-diacetylchitobiosyl units, allows some predictions to be made with regard to the types of carbohydrate chains found in mosquito cells.
Isolation of the 110000-mol.wt. major glycoprotein from plasma membranes of cultured mosquito cells was achieved by fractionation of detergent-solubilized membranes on lectin affinity columns. After treatment of membranes with 0.5% deoxycholate, a soluble glycoprotein fraction is eluted from a Con A-Sepharose column with 0.1 M-a-methyl mannoside, with a recovery of glycosylated components of greater than Carbohydrate analysis of the pure glycoprotein by g.1.c. shows considerable enrichment of N-acetylgalactosamine compared with unfractionated membranes and material not adsorbed to SBA-Sepharose consistent with the sugar specificity of SBA. Mannose also forms a substantial part of the total carbohydrate and an approximate value of five mannose residues to one N-acetylglucosamine residue is observed. Galactose and fucose are relatively minor constituents, and sialic acid is not detected, in agreement with previous data describing the absence of this sugar from insect cell oligosaccharides (Butters & Hughes, 1978) . A noticeable proportion of the total carbohydrate present in the pure glycoprotein is identified as glucose. Although this residue has been established to be part of the lipid-linked oligosaccharide intermediate directly involved in the transfer of glycan chains to proteins (Behrens et al., 1970) , evidence in favour of excision of the glucose units after transfer en bloc of the bligosaccharide to polypeptides has been obtained (Chen & Lennarz, 1978) . The source of glucose in a purified mosquito membrane glycoprotein is presently unknown.
The high ratio of mannose to N-acetylglucosamine is indicative of the oligomannosidic type of N-glycosidically linked sequences present as common biosynthetic intermediates of glycoproteins in mammalian cells and also in enveloped viruses obtained by growth in such cells (Robbins et al., 1977; Tabas et al., 1978; Li & Kornfeld, 1978) .
Estimations of glycosyltransferases in mosquito cell homogenates provides additional biochemical data to substantiate these proposals. Compared with mammalian-cell extracts, mosquito cells lack N-acetylglucosaminyl-, galactosyl-and sialyl-transferases when assayed with a variety of acceptors. Mosquito cell glycoproteins therefore appear to lack the ability to. form complex N-glycosidically linked glycan chains formed by addition to the mannose NN'-diacetylchitobiosyl core region of additional sugars at a late stage of biosynthetic processing (Montreuil, 1979) .
Separation of Pronase-digested mannose-labelled glycopeptides of mosquito membrane glycoproteins on Bio-Gel P6 and their sensitivity to endo-N-acetylglucosaminidase, a glycoside that specifically cleaves oligomannosidic type structures (see Montreuil, 1979) , is consistent with the above data.
